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types. Tetraploidv [2n In) is documented for ill.- first tim.- in -oinr
|

illations of //. ,

ic Smith American representatives of ill.- -.-mis an- all'l.as.-.l on x = 1 in contrast |„ more o

ices anion" Kuropean taxa (2n - (>. », 10. 12). This pattern <>l -rcaler cvtological unilori

h<- New World (.-a. :><> known. .'12 mm.•onnt.-.l chromosomallv I
suggests thai th.- group w

eciesdevel biogeography in ill

al.. 1953: Cant. 1981). little is Chromosome counts as well as .letail.-.l karvo-

licsc same processes in llie flora logical studies have been investigated for Kuropean

To help reveal these dynamics specie-, ol llypochaeris (Parker, 1976; Mugnier &
cgions of southern South Ameri- Siljak-Yakovlev. 1987: Hargl.i ct al.. 1989; Siljak-

ca. we have begun a series of investigations on //>- Yakovlev et al.. 1994; Cerbah et al.. 1995. 1998a).

pochaeris L. (Asteraceae. I.acluceac; l/ypoi hoc/is which appear to possess symmetrical karyotypes.

L., orthogr. var.). This is a genus of approximately and which show general correlations of different

60 species, with 9 in Kurope (DeFillips. 1976) and chromosome numbers (2n = 6. 8. 10. 12) with tax-

ca. 50 confined to South America, many of which onomic sections. Molecular phvlogenetic studies

are localized in the Southern Cone (Bortiri. 1999). using ITS regions among these Kuropean taxa (Cer-

Hypochacris is a good genus to extract information bah et al.. 1998b). and including four species from

on modes ol spoliation and patterns of biogeogra- South America, have also revealed useful insights

phv because ol lli. large si/e and small number of on broad evolutionary patterns within the genus

chromosomes (Stebbins. 1971). the diverse mor- that correlate, to some considerable degree, with

phologies of the taxa varying from small acaules- previous sectional limits.

cent alpine forms |<> broad-leaved large he.i. led Despite (It. • large number of species of Hypo-

speeies. and distributions in very different ecolog- cluicris from South America, thev have been poorly

ical zones ranging from sea level to over 3000 m studied kary ..logically. Chromosome numbers.

(Lack. 1979). Apparent rapid and recent special ion sometimes accompanied by photographs, have been
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ies on Hypochaer is, therefore, the
]

i of this

- paper are to: (1) summarize all av, ailable
}

its for South American species of

r Hrpocliaeris; (2) report original con nts for t a\a col-

f let-ted in Chile a ru\ other Andean regions ( Ar-e.i-

. tina. Bolivia. Kcuador, Peru, and Venezue

(3) comment on Ihe chromosomal tariulin n do.tt-

y merited within South America, parli cularlv i Aitlirrf-

erence to the already well known eWolojrical pic-

ture of European i species. Several popula (lotls ol

- each taxon have , >ftcn been analyzed so tli al infra-

1 Treated a

unifoim Ictrjploi.U known (//. incana, Moore.

1981; H. stenocephalia Slebbins et al., 1953; Diers,

1961), and two cases of infraspecific telraploid\

(i.e., H. chrondrilloides, Wulff. 1998; H. sessiliflora,

Olsen, 1980, both 2n and 4n reports).

To set the sta,L« l< ddi n;a 'In In i . n



Table 2. New chromosome counts of Hvpochiieris from South America [all plant

iomaii numerals) unless indicated otlierw ise|. Counts are mos||\ from mitotic prepaia

md I-
1 pollen mitosis) are indicated In *: populations for which holh diploid and haploi

vith **. Abbreviations of collectors: CI? = C. Bae/a; DC = I). Crawford: JC = J. C

ituessy; HF - H. Forlher: V1VV = VI. Wcgend. Vouchers on deposit in Wl and CONC(,

md Lope/) and \l (all other collections), t t == fii-l icpoillsl lor la\on: + = new chr

Ta\on. voucher, anil ehromosoim iiiicil,. i

+ +//. apargioides Hook. f. & Am. 2n = 8

VIII. Parque Naeional Liguna Fa l.aja. 25 Jan. 1W1. TS & DC1.1170: l.as Trancas. 30 Jan. 1998. TS 15481. 15485.

13 Jan. 1999. 7'.S rt „/. /55-W*. Nail,' llermoso. /.T.^/. /55.5/. I\. Kesena Nac.onal Vlalalcahuello. 12 Id, !«)«>».

77S rt «/. 15509**, 3 km VV of Fonquimay. 13 Feb. 1998. /;>.5/.?; 10 km F of Puente Fonquimav. '/'.S e/ «/. /5.W5*.

17 km F of I'uente Fonquimay, /5;>/6. 29 km F of Puente Fon,|u,maN. 15517. 8 km F of Chilean Aduana. 13 Feb.

1998. /.55/«; 3 km VV of Fnnquimav. 19 Jan. 1999. TS & CH 15570*. 8 km F of Chilean Aduana. 20 Jan. 1999.

15588. 3 km Wof Chilean \duana. 1550 1**. 25 km F of lonquinu.N. 15505**. 17 Id, 2(HH). 15500. Volean IJaima.

21 Jan. 1999. 75602*. Volean Villarrica. Piedra de Aquila. 22 Jan. 1900. 15012*. to I, .-una lluinhuea, 23 Jan. 1999.

15021*. id to Fonquimay. 10 Feb. 2000, I5809A.

+ +//. vlarionoides (Bemy) Keiehe 2h = 8

He-ion Melropolitana de Santiago. 6 km VV of l.a Parva. 18 Feb. 1998. TS & PS 15527. 2 km VV of U I'arva.

/5529*. /555/*.

//. elata (Wedd.) Griseb. 2n = 8

BOLIVIA. Fa Paz. Puerto Perez. Fake Titicaca. s.d.. Kams Hyp-48.

+ /7. meyeniana (Walp.) Criseb. 2n = 8

PERU. Dept. Cajamarea. Prov. Conluma/a. Bosque de Cachil. s.d.. MW98/554.

+ 11. meyvniaiM (Walp.) Criseb. +2« = 16

PERU. Depl. Tacna. Prov. Taranta. S of Volean Tutupaca. 20 km above Candarave. sal.. MW& HF 97/688.

+ +77. palustns (Phil.) De Wild. 2/1 = 8

VIII. Valle de Las Nieblas. Termas de Chilian. 15 Jan. 1999. TS el al. 15500*. I\. 20 km F of Chilean Aduana. 20

Jan. 1999. TS & CH 15588*. Volean Vdlarrica. 22 Jan. 1000. 15000. 15007. rd to lacuna lluinliuea, 23 Jan. 1999.

15622, Volean Casablanca. 21 Jan. 1999. 15628, 15629.

11. radicata L 2/; = 8

VIII. Cerro Ponpon. 21 Jan. 1998. 7.S I5I50H. I5I50J. Parque llualpen. Coneepcion. 15451; 2 km VV of Angol. 24

Jan. 1998, TS & DC 15151, 2 km into Parque Naeional \ahuelbula. 15158*. Pan,ue Naeional Nahuelbuta, 75467,

Piedra de Aguila. 15405. 15466, 17 km F of Anlucn. 25 Jan. 1998. 15108. 15100*. Parque \aconal Faguna Fa l.aja.

15471*, 15478: Fola. S. huapa. 27 Jan. 1008. TS n al. 15477. Termas de Chilian. 31 Jan. 1998. 15487. IX. 12 km
F of Curacaulfn. 12 Feb. 1008. TS el al. 15500. 5 km S of Funquunav. 12 Id, !<><);;. 1^08. 8 km F of Chilean

Aduana. 13 Feb. 1998. 15519; 14 km F of Cherquenco. 21 Jan. 1900. TS & CH 15597*. 1 km VV of Pucon toward

1999. 15004. 11 km SF of Agnus Calientes. 21 Jan. 1000. I5020-. licgion Vlctiopohtana



KCIADOR. I'irhincha. Norn,. NAY of Ouiio. s.d., JG Hvp-36.

+ +H. spalhulata (Remv) Reiche 2n = 8

IX. N of Pucatrihue. 25 Jan. 1999. TS & CB 1 5633*.

'/. stenocephala (A. Gray ex Wedd.l kuritze 2n = 16

PERU. Dept. Puno. Prov. Puno. Ruins of Sillistani, s.d., MW
+ +//. tenuifolia (Hook. f. & Arn.) Griseb. 2n = 8

VII. Prov. Talea, Laguna del Maule. s.d., JG s.n. VIII. Prov.

1 In-I.n.. 31 Jan. 1998, TS et al. I54H6. 1549

, TS & CB 15577-3*: Volean l.lai.na, :

- (!« Chilian, Catania del Diablo, s

eb. 1998, /5 792a 75498, /5505.

1999. 756WA Volean Villarrica. 22 J

. 7:S el al. 15510.

I thrincioides (Remy) I

, TS & DC 15456**.

specific euploidy or dysploidy might be revealed

and better interpreted.

omy and nnnif I // liaeris in South

America needs comprehensive revision. Despite

ibr \er\ lielpfnl I real merits on \ i gent inean species

by Cabrera (1971. 1974. 1976. 1978) and more re-

cently Bortiri (1999). there still remains confusion

in proper limits and correct names for many ta\a.

! these importantl

;
it n in. I' !!! mi

Keulgen staining with Scbiff's reagent following

standard methods (Fukui & Nakayama, 1996). Root

tip- and Howcr bud- were washed in distilled water

to remove the fixative, hvdrolvzed in 5N HC1 for 30

min at 20°C. and washed and stained with Schiffs

reageiil in darkiio>- lor |-_ }
hr. Sijiiasli preparaliotis

were made in a drop ol 15' y acetic acid. After cov-

erslip removal on drv ice. preparations were dried

for 24 hr. at 37C and rnonnted in DPX. Chromo-

Bud and seed materials of Hypochacris were coi-

ned in South America (Table 2). Collections were

f populational sample- m all in-laiiee-. \nuchers

re on deposit at CONC. M. and WU.

Root tips were prctrcaled with 0.1% cold

2 hrs at room temperature in darkness, f'r

I (ethanol : acetic acid) for 24 hr.. and storei

- al -2()°C. Kor mciotic chromosome c

wer buds were fixed in modified < atno\'- -o

3:1; chloroform : absolute el ha i rol : glacial

ed from 85 populations of 15 species of Hypochaer

'- from South Vnierica (Table 2) including f i r —I re-

ports for nine taxa: //. apargioide:

H. palustris, H.

ilr-.. II. -.palhnlala, fl. tenuifolia. and //. thriiu ioi-

(Irs. Ml counts give 2/r = I!. with iiilraspccilic let

raploidy (2n = 4x = 16) al-o documented in //

s,;>r:»ntr<ir and //. tenuifolia. A new let rap loid pop

These new data, in correlation with pre

published reports for Hypochaeris in South A

(Table 1). yield 32 species (of ca. 50) now e

from 138 populations. A brief combined ai
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shows 2.") uniformly diploid (2// - 8) species, two

species uniformly lelraploid Via 10; //. incutm

;md //. slenocephala). and five species wild both

diploid and leh i| li -
I

//. nieseniana. II. seorzonerae. II. sessiliflora. and

i) Out spe< ies. //. gardneri. has been

reported previously as n = 5 (Coleman. 1908), and

another. //. sessiliflora. has been documented as //

= (Turner et al, 1907).

because of the strong uniformity in chromosome

levels anions South American species of llypo-

chaeris (all n = 4 or n = 8). further eonunenls on

these two deviating reports are in order. The n =

report (Turner et al., 1907) for H. sessilifolia con-

trasts with more tvpical /; = 1 (Jansen o\ Slne-s\.

1980) or n = 8 (Olsen. 1980). Kxamination of the

voucher of //. sessilifolia reported by Turner et al.

(1907; Wurdack 437. TKX) with camera lucitla

drawing of meiotie bivalents attached. suggest-, llial

n — 4 is probable, with some homologous ehro-

niiNiiiifs being pulled apart in nieluphase l/carb

anaphase- I earlier than ihe oilier-. Turner, in fact.

"In hindsight and with more thought this could be

n = 411!" The voucher for the count of n = 5 for

//. gardneri ha- not \el been located despite an

herbarium search. It is worth mentioning thai die

Kuropean H. glabra with n = 5 is also known to

be adventive in South America (e.g.. Matthei. 1995:

loilui I')*'
1

-
1

! !
. i

i phological vari-

baeris, and heru e difficulties

nub iilicalion, an examination of the voucher

this represents a new aneuploid level in nalbe spe-

Karyotypes of all newly analy/.ed South \meri-

can species of Hypoehaeris are bimodal anil asym-

metric and similar in overall morphology to kar-

yotypes of species analyzed prey iouslv (f'igs. I -1.1;

see also references in Table 1). In general, they

consist of two large and two small i

pairs. Two of these pairs, one large suhleloceiilrie

and one smaller acrocentric, appear to bear satel-

Dcspile this gem ra a I i ,. karyotype and a

reasonably stable . Iiromosoiiii i amber (2/; = 8).

karyologieal differences among taxa do

exist. The main differentiation of karyotype con-

cerns chromosome size changes anil the presence

of satellites (Figs. 1^0. 8-15). A detailetl analysis

of karyotypes of South American Hypoehaeris and

their evolutionary importance will be reported else-

Although the <'inphasis in this paper is on new

cytological reports of native South \ 1 1
1< -r i< an spe-

cies of ll\po< hoars adtlilion.il reports for the in-

hodueed //. radicala are also included. This taxon

is abundant in Chile (Matthei. 1995: pers. obs.),

growing from sea level to over 2000 m and often

found intermixed with native species, because of

the possibility of hybridization between //. radicala

and native congeners, which could eniiliise inter-

prelalions of pattern-, and processes of evolution,

sampling of this taxon was also included (Table 2).

b'csidts show the typical ehroino.soiiie level (2n =

8: Fig. 7) for this species and symmetric karyotype

and no irregularities, effectively excluding hybrid-

weedy species of the genus. //. glabra, (distinctive

with 2n = 10. Stebbins et al.. 1955). is much less

common in South America, al least win i n

examined ev lologically during this slmb.

Tetraploidy (2// = 4v = 10) has been previously

i. 'ported for lour South \meriean 1 1 \ pu< Itaeris spe-

cies: H. chondrilloides (Wulff, 1998), H. incana

(Moore. 1981). //. sessiliflora (Olsen. 1980). and //.

slenocephala (Stebbins et al.. 1955; Diets. 1901).

for //. chondrilloides and H. sessiliflora. both ploidv

levels (2.v and h) were reported. The present paper

atlds three more species. H. meyeniaaa (big. 5|. //.

seorzonerae. and //. temdfolia 'Figs. 15, 14), in

which lulraspet ilic polyploid cytotypes are known.

Karyologieal dala provide some suggestions on the

mode of origin of these lelraploid cvtolv pes. The l.v

races in //. leniuj • id// >

\

•

karyotypes consisting of lour e<|iial-sized sets of

. probable, therefore, thai these

polyploids are of aulopoly ploid origin. We suspect

this to be the case also in H. sessiliflora (Fig. 8)

and perhaps also foi //. clmndrilloiiles thai contain

both 2.v and \\ cyloly pes. although no detailed kar-

yotypes arc available for ihe filler. I riderslanding

the origin of the apparently uniformly lelraploid

<-

] 15 Mitotic chromoso. tic- ,.i Soiilli \nierican species ol IH haeris Scale bar = 5 |JLItl 1 H <Kadis

TS e t al. 15565.— 2. H. apargioides , TS 15485.— 3. II. clarionoides. TS & PS 15527.— 4. H. , Ilk II,,,

wyeniana. M\\ Wl/551.- <>. II. paluslris. IS r, „ 1. 15566.— 7. 11. radicala. TS & PS 15533. '• ra. .11.

Hyp 38.-9. H. setosa, JGa 1048.- des. JG Hyp-36, —II. //. spalhidala, TS & (.li 12. //.

11 A /// <>7 ll'> 13. H. tenia folia ,TS&CB 15605.— 14. H. lenufr-b.. '> el al. 15510.- -15. //.

ilmmioides. TS 154501.
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Soulh \nieriean species nl Ihpochiieris. special at-

tention was given to searching loi ineiolic irn-gu-

larities that might signal hv hi idizalion. VIeiotic

counts -houeil cm 'ln-i\i-l\ lour regular bivalents in

all examined populations. IYe\ ions reports on mei-

otic chromosome numbers ha\ < shown similar re-

sults (Wnlff. 1992. 199}!). Only experimentalK ob-

tained hybrids between //. chillensis and H.

mri!<>j>t>'">:::-, n showed si. me irregularities in ho-

mologous chromos, pairing with III ami o.-ca

sionally 311 + 21 (Wulfl. 1992). ['resumptive nat-

ural In buds ol //. eiiilletisis and //. ;;;,, ;>!;;•!>)

var. dlhijlnni. however, showed regular bivalent lor-

malion sii-i;es|j MM
1 h. p..ssibilil\ ol recent origin of

these species ; 1 1 1< I high degree ol karvotvpe- simi-

larity (Wulfl", 1992). Two instances in our'own field

collections suggested possible hv bridizalion based

upon morphological lealiues: //. aptir^ioides X //.

irnm/olia \TS el al. 15554) and //. palustris X H.

tenuifolm (TS & CH 15607). Because some differ-

ences in chromosome si/e and presence of satellites

are obvious in the case of//, tipurgioidrs I big. 2)

mil H. lei // lit, (Kig. 13). hybrid individuals be-

tween these taxa should be detectable. These po-

tential hvb rids were loiind to be diploid, however,

with no differences in size of chromosomes of the

two haploi.l se|s. bi-ed on k . 1 1 \ • .morphology, pos-

sible hybrid origin ol these populations is unsup-

In contrast to broad cytological diversity among
nine Kuropean species of llypoclutcris \2n = <>. o.

10, 12; Mugnier cK Siljak-Yakovlev, 1987: Cerhah

el al.. I'»''.".ai. . vlologieal uniformity of the iNevv

World members of die genus suggests several as-

pects icgai. hug evolution of the group. First, be-

cause the karvotvpe of Soulh American taxa rep-

resents only one general pattern, in contrast to

several found anion- biiiop.Mii species, it can be

hvpolhes|/ed that the former evolved from out of

the latter. This hypothesis is also corroboialed bv

(ITS: Cerbab el al.. I9D ( ;|>: IT Samuel et al.. in

prep.) and chloroplast {lrn\.: K. Samuel et al.. in

prep.) genes. Second, the abundance of South

American taxa representing so main different

alions. such as elvsploi.lv. eiiplnidv. ,\\u\ marked

karvotvpic change. 1

1

\
pneluieris represents a genus.

therefore, in which perhaps more minor amounts of

karvotvpic. and eerlaiiilv genetic, change lias ac-

companied speeialion. because ol this mIu.iIioii and

due to the large and few chromosomes, the genus

in South \merica provides an excellenl opporlunilv

to map tin genome and determine minoi kaivolvpie-

changes during speeialion. within context of the

relativelv stable 2/; <". karvotvpe. as has been

done successfullv for Helianlhus In North \merica

(Rieseberget al.. 1995; Hieseberg. 2001).
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